INTRODUCTION
Aging is a risk factor for consciousness disturbances (Lipowski 1983; Liston 1982) such as delirium; delirium is common in older people with physical illnesses that seldom cause consciousness disturbances in younger patients (Lipowski 1990 ).
Thus, the regulation of vigilance apparently becomes vulnerable with advancing age. The natural variability of electroencephalogram (EEG) spectral parameters and of behavioral indicators of vigilance in normals during the transition from wakefulness to sleep (Azekawa et al. 1990; De Gennaro et al. 2001 ) is increased in the elderly (Parrino et al. 1998) .
Vigilance changes during the transition from wake-to-sleep and between sleep stages involve changing scalp distributions of spectral power of the various EEG frequency bands (Dumermuth and Lehmann 1981; Matejcek 1981; Tanaka SUMMARY In order to elucidate brain mechanisms that contribute to the increased tendency for vigilance dysregulation in the elderly, we examined the spatial organization of brain electric activity [electroencephalogram (EEG)] during decreasing vigilance from alertness to onset of sleep stage 2, comparing 7 old and 10 younger, healthy subjects (60-79 and 18-41 years old, respectively). Two features were analyzed: (1) change of location of the brain electric source gravity centers of the EEG frequency bands, and (2) magnitude of fluctuation of these locations over time. Multichannel EEG was analyzed into source gravity center localizations for seven EEG frequency bands, using fast Fourier transform (FFT) Dipole Approximation (first principal component-single source modeling in the frequency domain). Multivariate analysis of covariance (MANCOVA) showed: source localizations were more anterior in old than younger subjects for beta-1 and more superior for all three beta bands; from alertness to sleep, delta and theta EEG sources (inhibitory activity) changed to more posterior and superior areas, and alpha-1 and -2 (routine activity) and beta-1 and -2 sources (excitatory activity) towards anterior and superior areas. Fluctuations of the source locations of delta and beta-2 were larger on the superior-inferior axis, and of beta-2 smaller on the left-right axis in the old than younger subjects. The results suggest functional specifications (inhibitory, routine, excitatory) of cortical positron emission tomography (PET) changes reported in sleep. In sum, aging exhibits changes in spatial organization of EEG-generating neuronal assemblies; during the transition wakefulness-to-sleep, aging affects the spatial-temporal dynamics of this organization. The latter is suggested to contribute to the increased risk for consciousness disturbances in the elderly.
KEYWORDS aging, consciousness disturbance, EEG source localization, electroencephalography, PET Werth et al. 1996 Werth et al. , 1997 Wright et al. 1995) , and moreover, the sleep EEG differs between young and old people (Dijk et al. 1989; Landolt and Borbe´ly 2001) . The EEG power distribution on the scalp reflects the spatial organization of the electrically active brain neurons. However, scalp EEG measurements depend on the chosen reference (e.g. Lehmann 1987; Wright et al. 1995) . Unambiguous assessment of the spatial organization of the active neuronal populations is required. A basic metric of the brain's spatial organization is available by source modeling, the computation of the intracerebral, three-dimensional location of a single dipole source model in the frequency domain (the brain electric gravity center). The approach reduces the multichannel data in a functionally meaningful way, assessing the principal aspects of the spatial organization of brain activity. The computation uses single phase-angle modeling and subsequent, conventional single source modeling of the multichannel scalp potential distributions. Single phase-angle modeling fast Fourier transformation [(FFT) Dipole Approximation, Lehmann and Michel 1990 ] is based on the first principal component of the FFT results, and explains more than 90% of the variance (Michel et al. 1992) . The single source model describes the electric gravity center of the brain activity that is generated by the very many simultaneously active neurons; a different location must have been caused by a different spatial organization of these active neurons. This analysis approach yields localizations in real brain space that were in good agreement with neuropsychological and anatomical localizations (e.g. Lantz et al. 1999; Lehmann et al. 2001; Pizzagalli et al. 1999) , and the high temporal resolution available in EEG data permits the functional identification of the brain electric activity as inhibitory (slow: delta/theta frequencies), routine function (medium: alpha frequencies) or excitatory (fast: beta frequencies).
In view of the increased variability of vigilance indicators during the transition phase from wakefulness to sleep, we hypothesized that the lessened stability of vigilance regulation in the elderly might be detectable in basic features of the brain electric activity in normals during this phase. We compared the spatial-temporal organization of brain activity of old and younger subjects during the transition from alertness to sleep stage 2 using multichannel EEG recordings, and examining: (1) the change of the source locations of the EEG frequency bands from alert to sleep, and (2) the variance (fluctuation) of these locations over time.
METHODS

Subjects
All old and younger subjects were volunteers, recruited among the employees (clerks, social workers, engineers and nurses) of the Kawamuro Memorial Hospital. There were two subject groups: data from seven old subjects (age 60-79 years, mean ¼ 69.1, SD ¼ 5.7, one male, six females) and 10 younger subjects (age 18-41 years, mean ¼ 31.7, SD ¼ 7.9, two males, eight females) eventually were available. Recordings of three additional, old subjects had to be terminated prematurely because of excessive artifacts (body-and eye-movements).
In a thorough medical examination, all subjects were found to be mentally and physically healthy, without history of psychiatric or neurological diseases; they were not taking any medication. The psychiatric part of the examination included a Mini Mental State Examination (normal in all subjects). Female subjects were not recorded during menstruation. The old and the younger subjects did not differ in their habitual coffee and alcohol consumption. Subjects stopped caffeine and alcohol intake before the recording day; they slept 7-8 h during the night and had been awake for 3-4 h before the recording. The study was approved by the Ethics Review Board, Department of Psychiatry, Jikei University School of Medicine, Tokyo; subjects gave their written, informed consent.
Data acquisition
The Stanford Sleepiness Scale (SSS) was administered just before the start of recording. The mean ratings of the old (2.43 ± 0.53 SD) and the younger subjects (2.6 ± 0.52 SD) did not differ significantly.
The subject was placed on a reclining chair in a sound-, light-and electrically-shielded room. The EEG, electrooculogram (EOG), and chin electromyogram (EMG) were recorded beginning at 10 a.m., using a polygraph (NEC Medical Systems, Tokyo, Japan) and EEG electrodes at 19 scalp locations (International 10-20 System: FP1/2, F3/4, F7/8, FZ, C3/4, CZ, P3/4, PZ, T3/4, T5/6 and O1/2) referenced to linked earlobes.
Prior to the start of the recording, in order to ensure full alertness, the subject was asked to discriminate between two different tones as quickly as possible, and then, to close the eyes. Thereafter, in darkness, recording was started and continued (with on-line paper monitoring) for 40 min without any intervention by the experimenter. Recording parameters were: 0.3 s time constant, 60 Hz low-pass filter, 128 samples s -1 per channel digitization rate.
Data analysis
The EEG data analysis covered the time from full alertness (start of recording) to the onset of sleep stage 2 as defined by the appearance of vertex sharp waves and spindles (Rechtschaffen and Kales 1968) . For analysis, the digitized recordings were parsed into successive data periods of 20 s. The data were carefully reviewed in analysis epochs of 2 s; all data periods with one or more analysis epochs containing artifacts such as EMG, body movement, and eye blinks were excluded.
The artifact-free 2-s-epochs were subjected to FFT dipole approximation (Lehmann and Michel 1990 ). This referenceindependent approach is based on a single-phase generator model for multichannel EEG data for each frequency point.
The data were transformed into the frequency domain via FFT with a Hanning window. For each epoch, the Fourier coefficients for all channels (electrodes) were entered into a sine-cosine diagram, and orthogonally projected onto the straight line formed by the first principal component of the cloud of entry points. The distances between the projected entry points read out as voltages between the electrodes constitute a map of potential distribution. These potential distribution maps of the FFT dipole approximations for each frequency point and analysis epoch were averaged within each data period of 20 s, using an optimizing permutation procedure for minimum variance (Lehmann and Michel 1990 ) that copes with the irrelevance of polarity assignment by permuting the polarities of the maps to be averaged, in order to obtain a mean map with minimal variance. The mean maps were subjected to conventional three-dimensional equivalent single dipole source modeling using a three-shell model. The location of the model dipole source was obtained as values on the three brain axes: anterior-posterior, left-right, and superior-inferior. The source locations were averaged within the independent EEG frequency bands (Kubicki et al. 1979) as follows: delta (1.5-3 Hz); theta (3.5-7.5 Hz); alpha-1 (8-10 Hz); alpha-2 (10.5-12.5 Hz); beta-1 (13-18 Hz); beta-2 (18.5-20.5 Hz); and beta-3 (21-29.5 Hz).
Analysis I: source locations
For this analysis, the first three 20-s periods after start of the recording ('alert' condition) and the last three 20-s periods just prior to the emergence of vertex sharp waves and spindles ('sleep' condition) were used. These six periods were available artifact-free in all 17 subjects. For each subject, the mean source locations during the two conditions alert and sleep were computed separately.
Analysis II: fluctuations of source locations
All available data periods (20 s each) between alert and onset of sleep stage 2 were used. On the average across subjects, 33.0 (SD ¼ 20.6) data periods were available in the seven old subjects, and 52.7 (SD ¼ 25.4) in the 10 younger subjects [difference not significant (NS)]; these were 90.2 vs. 94.8%, respectively, of the original recordings.
To assess the fluctuations of the source locations during the transition between alertness and sleep, the difference of source location between each 20-s-period and the next one was calculated (values on the three brain axes). For each subject and each of the three brain axes, the mean of all differences of source locations between successive 20-s-periods was calculated as magnitude of fluctuation.
Latency of sleep stage 2: time duration from start of recording to sleep stage 2
The mean time between start of recording and onset of sleep stage 2 ('sleep latency') in the younger subjects was 18.8 min with considerable variance (SD ¼ 11.6 min); the mean was much shorter in the old subjects (11.6 min), also with a large SD (6.3 min). The t-test of the difference yielded P ¼ 0.11.
Correlations between source location and sleep stage 2 latency
Although sleep latency did not reach a significant difference between old and younger subjects, the large variance across subjects in both groups led to the question of possible correlations between location and latency measures. For all 17 subjects, the correlation between individual latency and the source locations on each of the three brain axes was computed for each of the seven EEG frequency bands, separately for alert and sleep. Four of these 42 correlations reached P < 0.05 (i.e. at d.f. ¼ 15, r > 0.41). They concerned the anteriorposterior locations for delta, and the inferior-superior locations for alpha-2 in alert, and the inferior-superior locations for alpha-1 and -2 in sleep. All four correlations were negative, i.e. shorter latencies (as observed on the average in the old compared with the younger subjects) correlated with more anterior and more superior source locations, as observed in old compared with the younger subjects. In all four cases of significant correlations for all 17 subjects, separate correlations for the old and for the younger subjects showed the same negative correlation (with higher correlations for old than younger subjects), i.e. the same relation held for both subject groups. These results suggested to partial out latency in MANCOVAs in order to identify pure effects of age.
Statistics
The t-tests and correlation coefficients were used for initial, exploratory survey statistics. Final, multivariate global statistics was done using MANCOVA with posthoc Scheffe´tests. Two-tailed P-values are reported throughout.
RESULTS
Analysis I: change of source locations from alert to sleep
Exploratory survey of the source locations for old and younger subjects (alert and sleep)
Comparing groups (young vs. old). Fig. 1 shows that the mean source locations differed consistently across frequency bands on the anterior-posterior (except for wake delta) and superiorinferior axes, the old subjects showing more anterior and more superior source locations than the younger subjects. Table 1 numerically displays the mean locations and variances during alert and sleep and the mean differences and their SE between conditions. As illustrated in Fig. 1 , in the exploratory tests, anteriorization in the old subjects reached P < 0.1 or P < 0.05 in alpha-1 and -2, and beta-1 and -2. The superiorization was even more pronounced, reaching P < 0.1 in theta, and P < 0.01 in the alpha and beta bands (however, for alpha-1 only in sleep). The left-right axis showed only a single difference at P < 0.1, for alpha-2. . Source locations (mm, means over subjects) of the seven EEG frequency bands (horizontal) in the old (black squares, n ¼ 7) and the younger (open circles, n ¼ 10) subjects during the conditions 'alert' and immediately before sleep stage 2 ('sleep'), on (vertical) the three brain axes anterior-posterior, left-right and superior-inferior. Entries for alert and sleep are connected by lines. The model source locations were located in a standard head of 78 mm radius, referred (in mm) to zero at 10% above the zero point of the 10/20 EEG electrode system (Jasper 1958) ; positive values are in the anterior and upward direction. The t-test significances (P < 0.10) are indicated by stars, to the right of each panel for differences between conditions (paired tests), below each panel for differences between groups (unpaired tests). If the P-level was changed by the regression for sleep stage 2 latency (two cases), 'o' was attached to the star symbol. The standard errors of the mean locations and of their differences are displayed in Table 1 .
Locations of sources
When taking sleep latency into account as covariate in Scheffe´tests for individual comparisons of source locations between old and younger subjects, only two of the 19 P-values at P < 0.1 in Fig. 1 were changed from the exploratory t-test results, from P < 0.05 to P < 0.1 (marked by 'o' in Fig. 1) . Additionally, in sleep, delta and theta sources of the old subjects were more anterior, but only at P ¼ 0.17 and P ¼ 0.11, respectively (not indicated in Fig. 1 ).
Comparing conditions (alert vs. sleep). Fig. 1 and Table 1 demonstrate that on the anterior-posterior and on the superior-inferior axes, the source locations changed from alert to sleep in the same direction in both subject groups. On the anterior-posterior axis, the source location in the delta and theta frequency bands changed to more posterior locations with sleep onset, whereas in the five higher frequency bands from alpha-1 to beta-3, the source locations changed from alert to sleep onset in the opposite direction, to more anterior locations. Of the 14 location changes on this axis, 11 were significant or showed a statistical trend when tested individually for the two groups. On the other hand, on the superior-inferior axis, the direction of the change was uniform over all bands, to more superior locations during sleep, but only five changes reached P < 0.1. There were no significant source location changes between conditions on the left-right axis.
As the comparisons between conditions were paired, the covariate 'latency' could not affect these results.
Multivariate statistics on the source locations
For each of the seven independent frequency bands, a MANCOVA was computed entering source locations (three levels: anterior-posterior, left-right and inferior-superior) with the two factors 'group' (old and young) and 'condition' (alert and sleep, repeated measures), and with sleep latency as covariate in order to partial out effects of sleep latency. Table 2 shows the results.
The MANCOVAs on source locations on the three brain axes showed global source location differences for the factor 'group' (old and younger subjects) at P £ 0.1 in the three beta frequency bands (alpha-2 reached P ¼ 0.12). For the factor 'condition' (alert and sleep), all frequency bands showed significant global differences except beta-3; the latter yielded P < 0.11. Additionally, there was a global tendency for interaction in the alpha-1 band, with a stronger source superiorization for old than younger subjects when reaching sleep stage 2.
The posthoc Scheffe´tests for the factor 'group' revealed that anterior-posterior location differences predominantly contributed to the main effect in the beta-1 band (old subjects more anterior), and superior-inferior differences in all three beta bands (old subjects more superior).
The posthoc Scheffe´tests for the factor 'condition' revealed that anterior-posterior as well as superior-inferior location differences contributed crucially to the main effect in all Table 1 Means and standard errors (SE) of the source locations (on the anterior-posterior, left-right and inferior-superior brain axes) for the old (N ¼ 7) and the younger subjects (N ¼ 10) in the seven EEG frequency bands, during the conditions 'alert' and 'sleep', and the mean differences (diff.) and their SE across subjects between conditions (see also Fig. 1 concerned frequency bands (from delta through beta-2). In sleep, delta and theta were more posterior, the higher bands more anterior, and all concerned bands more superior.
Analysis II: fluctuations of the source locations between alert and sleep stage 2
Exploratory survey of the fluctuations of the source locations for old and younger subjects between 'alert' and 'sleep' Figure 2 displays the mean magnitude (and standard error) of fluctuation of the source locations from alertness to sleep stage 2 in the two subject groups. Exploratory t-tests showed smaller fluctuation at P < 0.05 for old subjects on the anteriorposterior axis for beta-3 and on the left-right axis for beta-2, and larger fluctuation for old subjects on the superior-inferior axis for delta, alpha-2, beta-1 and -2.
Multivariate statistics on the fluctuation of source locations between 'alert' and 'sleep'
Frequency band-wise MANCOVAs were performed on the fluctuations of the source locations (three levels: anteriorposterior, left-right and inferior-superior) with the factor 'group' (old and young), and with 'sleep latency' as covariate. These MANCOVAs ( d.f. ¼ 3, 12) yielded significant global differences between groups in the delta (P < 0.04) and beta-2 (P < 0.03) frequency bands. The posthoc Scheffe´-tests confirmed the t-test results of larger superiorinferior fluctuation of sources in the old than the younger subjects for delta and beta-2, and of the smaller left-right fluctuation for beta-2.
DISCUSSION
Little is known about the intracerebral distributions of the generator sources of the EEG frequency bands during the transition from wakefulness to sleep, and about their time course, their spatial-temporal dynamics. This report quantifies the principal aspects of these changes. Our source localization results during the alert condition agreed in general with the findings in wakefulness (Michel et al. 1992) , with delta and theta source centers most anterior and deepest, alpha most posterior, and faster frequency sources more superior than delta and theta.
The subsecond-time resolution available in EEG data permits a differentiation of the signal into frequency bands that are known to generally reflect basically different behavioral functions: inhibitory (slow: delta/low theta bands), routine (medium: alpha bands) and excitatory/facilitatory (fast: beta bands).
The EEG source location changes from alert to sleep were similar in our old and younger subjects. The MANCOVA results for 'condition' showed that EEG delta and theta sources shifted towards posterior areas with sleep onset, while the alpha-1 and -2 and the beta-1 and -2 sources shifted towards anterior areas. In addition, the sources of all bands except beta-3 moved more superior with sleep onset. Several positron emission tomography (PET) brain imaging studies (for a recent review see Maquet 2000) observed pronounced decreases of prefrontal cortical activation and lesser decreases of parietal activation in non-rapid eye movement (NREM) sleep (cf. Fig. 2 in Maquet 2000) . As reviewed above, the functional significance of these activations can be derived from our EEG results: the posterior shifts of delta and theta EEG source locations suggest that the anterior PET decrease might concern inhibitory activity, and the anterior shifts of alpha and beta EEG sources suggest that the parietal PET decrease might concern routine or excitatory activity. On the other hand, our results did not show relative lateralizations in sleep such as the reported leftsided rCBF decreases (Kajimura et al. 1999 : left medial and inferior frontal gyrus and left inferior parietal gyrus) in light Table 2 (a) Frequency band-wise multivariate analysis of covariance (MANCOVA) on source locations (three levels: anterior-posterior, left-right and inferior-superior brain axis) with the two factors 'group' (old and young) and 'condition' (alert and sleep, repeated measures), and with sleep stage 2 latency as covariate, thus partialling out the effect of 'latency'. Significance of P £ 0.10 are listed; P > 0.10 ¼ NS. (b) and (c) Post-hoc tests for the three levels (anterior-posterior, left-right and inferior-superior brain axis) in cases where the factor 'group' (b) and 'condition' (c) yielded P < 0.10 in (a). Significance of P £ 0.10 are listed; NA ¼ not applicable (MANCOVA P >0.10) (Gamma et al., in press ). Scalp-localized EEG alpha has long been known to spread to anterior areas when subjects become sleepy (Santamaria and Chiappa 1987; Tanaka et al. 1995) ; these scalp data suggested more anterior brain localizations in sleep. Our intracerebral source modeling that yields source localizations in real brain space supported this anteriorization, while specifying that it was more evident for fast than slow alpha. We note that anterior shifts of alpha or beta source centers have been observed in patients with schizophrenia and Alzheimer's disease (Dierks et al. 1993a; Dierks et al. 1995) . Our finding of a posterior shift of the intracerebral delta and theta EEG sources with sleep onset is in line with the observation of Hofle et al. (1997) of positive covariance between EEG delta and rCBF in visual and auditory cortex, and with the shifts of scalp localization of maximal delta and theta power values in published data (e.g. Fig. 2 in Dumermuth and Lehmann 1981; Figs 3 and 4 in Tanaka et al. 2000; Fig. 5 Wright et al. 1995) . Summing up our results (as revealed in the posthoc tests for the MANCOVA main effect of 'condition'), the brain electric signature of decreasing vigilance compared with restful alertness were posterior shifts of the sources of delta and theta, anterior shifts of the sources of slow and fast alpha and of beta-1 and -2, together with superior shifts of all sources except beta-3.
The time duration between alertness and onset of sleep stage 2 (sleep latency) varied considerably in the old as well as in the younger subjects; in line with the literature (Carskadon 1989) , latency was about 40% shorter in the old than the younger subjects, but the difference did not reach significance. In both groups, latency showed negative correlations with source localizations on the anterior-posterior and inferior-superior brain axes. Thus, shortened sleep latency is combined with anteriorization and superiorization of the band sources -and increased age is associated with the same properties. In order to concentrate on age effects, we controlled for latency in the final analyses.
When inspecting the mean source locations, the differences between groups on the anterior-posterior and superior-inferior axes were common across all frequency bands in both conditions, more anterior and superior in old than younger subjects. However, the MANCOVA statistics with regression for latency showed significant global 'group' effects only for beta-1 and -3, and a statistical tendency for beta-2. These results confirm Dierks et al.'s (1993b) finding that healthy old adults showed a tendency to more superficially located beta activity compared with younger controls using FFT dipole approximation source modeling. Contrary to our results, Landolt and Borbe´ly (2001) had reported that scalp locations of maximal gradients for theta, high alpha and sigma (beta-1) frequencies were more posterior in old than young subjects. Their study, contrary to our study of initial NREM stage 1, used the combined NREM sleep stages of all-night recordings, a smaller electrode array, and a different analysis approach (scalp EEG gradient measures), but none of these differences appears to account in a simple way for the divergent results. Scalp EEG distribution studies reported that aging tends to be accompanied by a decrease in posterior dominant power and by an increase of beta activity (Obrist and Busse 1965; Otomo 1966; Matejcek 1981; Nakano et al. 1982; Kugler 1983; Duffy et al. 1984) . Our results show that aging involves systematic changes of the spatial organization of brain electric activity, i.e. that aging influences not only the quantity of EEG activity but also its spatial profile in real brain space.
The alert-to-sleep changes of delta/theta and higher frequency sources in opposite directions on the anterior-posterior axis resulted in the following: For theta, the alert source Band-wise MANCOVAs were significant for delta (P < 0.04) and beta-2 (P < 0.03). Post-hoc Scheffe´tests of differences between groups (regressed for sleep stage 2 latency) at P < 0.1 are indicated.
location in younger subjects was close to the sleep location in old subjects, whereas for higher frequency bands, the sleep source location in younger subjects approached the alert location in old subjects (the latter was observed also on the superior-inferior axis). This cautions us against a one-directional model for functional interpretation. We also note that some of the observed location changes from alert to sleep onset, i.e. anterior shifts of alpha-2 and beta-2 sources (together with superior shifts of all frequency band sources) were also reported after eye opening (Kondakor et al. 1997) , i.e. when attention was assumedly increased. Thus, the anterior-posterior source gravity center locations of alpha-2 and beta-2, but not of delta and theta, show a U-shaped distribution along the behavioral dimension from attention to resting alertness to decreased vigilance/sleep. Of course, a voxel-by-voxel analysis of brain volume could conceivably find different spatial distributions with identical gravity centers. The fluctuations of the EEG source locations between alertness and onset of sleep stage 2 differed in the old from those in the younger subjects for delta and beta-2 in the MANCOVAs. Both bands showed greater fluctuations in the old subjects on the superior-inferior brain axis, and beta-2 in addition showed lesser fluctuations in the old subjects on the left-right axis. This contrasts with the small location changes from alert to sleep for the two frequency bands on these axes that yielded only one statistical tendency in the six relevant comparisons. Thus, the larger magnitude of superior-inferior source fluctuations of delta and beta-2 and the smaller magnitude of left-right fluctuations of beta-2 apparently is a more predominant characteristic of old subjects than the change of location during decreasing vigilance.
Increased beta activity is associated with increased vigilance (see Lopes da Silva 1991; Makeig and Inlow 1993) . Beta activity is closely correlated with the plasma levels of benzodiazepines, supporting the assumption that beta activity reflects the level of central nervous system activation (Fink et al. 1976; Mandema et al. 1991) . The larger superior-inferior fluctuations of source locations of beta-2 during sleep onset in old subjects may suggest that there is instability of the spatial organization of this brain electric activity, in a measurement dimension that does not normally show very dramatic changes. Aging might lessen the ability to maintain a given vigilance level, and the fluctuations of delta and beta activity location might reflect this functional deterioration of the dynamics of the vigilance regulation. In fact, we observed increased inferior-superior-fluctuations of the beta-1 band source in vascular dementia patients compared with healthy controls (N. Tsuno, M. Shigeta, K. Hyoki and S. Ushijima, in preparation). In this context, the reduced fluctuations on the left-right axis might imply insufficient adaptivity of the function incorporated by this aspect.
The used metric for the assessment of the global, spatial characteristics of brain activity is the electric gravity center (in three-dimensional brain space) of the EEG sources, computed as the single model dipole source in the frequency domain for each frequency band (Lehmann and Michel 1990) ; it yields a nonambiguous localization in real brain space; it is independent of the chosen recording reference, unlike scalp localization of EEG spectral values. The model source assesses the principal aspects of the spatial distribution of the very many, simultaneously active neurons.
Although our present findings may reflect a certain deterioration of the brain mechanisms of vigilance regulation in old people, a conceivable extrapolation to proneness for consciousness disturbances such as delirium in older patients would require further studies on the relations between aging, brain functional organization and deterioration of vigilance regulation, in order to develop more complete concepts of the mechanisms of consciousness disturbances.
